IN CERTAIN FORMS of heart disease whenl the diagnosis is readily apparent from clinical examination, it would be desirable to assess the degree of hemodynamic abnormality by the simplest method. If electrocardiographic data could provide a sufficientlv accurate indication of altered funetioii, the need for cardiac catheterization might be obviated. However, detailed electrocardiographic criterial' 2 do not appear to correlate with the weight of the ventricle or the thickness of the ventricular wall.3 A more definitive result might be obtained from correlations of the electrocardiographic details with function, as attempted by Cosby and coworkers,4 rather than with anatomic structure. For this functional approach, Cabrera and Monroy5 disseminated the concepts of the systolic and the diastolic overloading of the ventricle. Statistical support for these ideas is not vet available even though modified views have been presented. 6 Studies of correlation between the severity of pulmonary stenosis and electrocardiographic evidence of right ventricular hypertrophy7-11 disclose a wide variability. From a functional view, the simplicity of the abnormality makes pulmonary stenosis an ideal disease to study; there is solely a systolic or pressure overload of the right ventricle. In order to overcome obstruction to outflow through the pulmonary valve, the right ventricular systolic contraction takes a longer time and becomes more powerful. Recent investigators12 13 
Results

Hemodynamic Data
In figure 1 , the value of peak systolic gradient across the valve is compared to the other data pertaining to right ventricular hydraulics. The mean systolic gradient was about 70 per cent of the peak gradient across the valve, with little scatter in the relationship (r = .98). The peak pressure gradient correlated less with pulmonary valve resistance (r = .95), and pulmonary valve area (r = -.88), and least with the right ventricular work index (r = .75). From these data the patients have been grouped according to severity of stenosis of the pulmonary valve.
Electrocardiographic and Hemodynamic Comparisons QRS Voltage
The amplitude of the R wave in lead V1 (RV1) was plotted against the henmodynamic data ( fig. 2) . Correlation between the height and the mean pressure gradient is poorest (r = .63). From figure la, it is evident that a similar correlation would result if the peak gradient, rather than the mean systolic gradient, were used in the comparisons of figure In figure 3 , the sum of RV- Another electrocardiographic measure that is frequently used in the estimation of right ventricular hypertrophy is the degree of rightward deviation of the mean QRS axis in the frontal plane. In figure 4 , the mearn manifest QRS axis (AQRs) of each patient in the frontal plane was plotted on polar coordinates, and peak pressure gradient (PG) across the pulmonary valve was represented by distance from the center of the circle. As Correlations of the AQRS, the AT and the QRS-T angle of the frontal plane with the pulmonary valve area were not so good (r --.32, .49, and -.52, respectively) as those with peak gradient (r = .39, -.75, and .72, respectively).
Similarly, the data shown in figure 5 The arithmetic meani of the QRS-T angles in the frontal and horizontal planes for each patient was called the average QRS-T angle.
In figure 6 , the value of this average angle was plotted against the hemodynanmie caleulations for those 40 patients in wbhoim the QRS-T angle was obtainable in both planes. Figure 3 Correlation of the sum of height of the R wave from lead V4(RV ) and the depth of the S ware from lead V6(Sv ) with hemodynamic data. The relationships are similar to those with RV alone ( fig. 2) , and the additional information given by Sv did not significantly improve the correlations obtained. As in figure 2 Marny of the QRS patterns in lead V1 of patienlts with mild and moderate stenosis, however, were the type of patterns that Cabrera and Monroy originally considered evidenee of "diastolic overloading of the right venitriele," although all the patieiits in this study had "systolic overloading" only. In 22 of the 43 patients whose hydraulic abnormality was mild or moderate, the QRS patterns of lead V1 were double positive defleetions, in nine more they showed notched R or S waves and, in an additional four, distinet slurring of the R or S wave. In group 1 ( fig.  7) Hemodyncamics related to electrocardiographic data.
is 0.71, and for a triangular wave the ratio is 0.5. The data of this study (not illustrated) showed the relationship to be linear [RVYsm -0.73 x RV peak pressure, r = .98], with no evidence of coneavity upward on a graph of RV peak pressure versus RVsm. Similarly, Campbell,23 using data provided by Johnson, found that in 25 cases the RVsm was 0.6 times the RV peak pressure, and that the relationship was linear. Bidoggia and others24 stated that the contour was unchanged with increasing severity of stenosis and found the linear relationship, MSG = .60 PG-compared to MSG = .70 PG in our study. The welldocumented observations of Vogelpoel and Schrire22 could be explained by a skewing of the pressure curve to the right (a lagging with time) without a change in its basic inverted U shape. A similar phenomenon is seen in aortic stenosis, where there is a prolonged rise to the peak aortic pressure.
The area of the normal pulmonary valve is 4 to 5 cm.2 The rectangular hyperbolic relationship between peak gradient and pulmonary valve area ( fig. ld) Right ventricular pressure and work are subject to wide variation with changes in cardiac output. However, pulmonary valve resistance and pulmonary valve area should be independent of the flow, and might, therefore, be expected to correlate better with the eleetrocardiographic findings which under ordinary circumstances are unchanged by differences in cardiac output. This hypothesis is supported by the data of figures 2 and 3. The use of the work index rather than work improved the correlation but it was still only slightly better than correlation with the pressure gradient alone. It is evident that the height of Rv, correlated better with the functional severity of pulmonary stenosis as defined by our hydraulic criteria than was indieated by other investigators4 12, 19, 20 who considered only pressure data. Cayler and co-workers12 found a higher correlation value (r = .78) between RV peak pressure and Rv,. Probably this is partly attributable not only to the large group (119 cases) but also to the limited age range of their group (only eight were more than 15 years of age). It was their impression "that any calculation becomes less valid in older children and adults." They reported no data on the pressure gradient or the flow.
Children exhibited higher voltage complexes in lead V, ( fig. 2a and 3a Rightward and forward deviation of the QRS axis is a well accepted sign of increased right ventricular load. This has often been reported for the frontal plane7' 11, 14, 19, 20, 25 (classical right axis deviation) but occurred in only a moderate proportion of cases. Yahini, Dulfano, and Toor13 pointed out that correlation of the frontal AQRS with right ventricular pressure was not good, an observation supported by our data (in fig. 4 , the correlation coefficient between PG and AQRS was .39). DePasquale and Burch20 obtained a correlation coefficient of .53 between the RV peak pressure and the frontal AQRS. The frontal T-wave axis (AT, fig. 4 ), although seldom considered previously, was obviously much more closely related to the pressure gradient (r = -.75) and, therefore, is deserving of attention.
T-wave inversion in the. right precordial leads is often used as an indication of RV pressure loading or hypertrophy8' 9, 11, 19, 20 although normal in children-actually, upright T waves in V 3R or V1 are associated with increased RV pressure in children less than 12 years of age or so. The data shown in figure 5 indicate that the progression of T-wave inversion from the right to the left precordium (r = .47) was no more closely related to the pressure gradient than was forward and rightward deviation of the horizontal QRS axis (r = .50). 
